Considering the economic importance of the maize Zea mays (Poales: Poaceae) crop and the losses caused by the maize stem borer, an experiment was carried out in a plot of 15 m 2 that was equally divided into three replications using randomized complete block design to find the effect of granular and liquid insecticides on Chilo partellus and crop yield. The trial was laid out at the Agricultural Research Station in Baffa, Mansehra, Pakistan during the Kharif season 2015. In this experiment, granular insecticide Carbofuran 3G and liquid insecticides Cypermethrin10 EC, Endosulfan 35 EC, Karate 2.5 EC and Chlorpyrifos 10 EC were used for treating maize stem borer. The obtained results revealed that Carbofuran 3G proved significantly to be the most effective in reducing plant damage, the number of dead heart plants and the number of pest larvae. Additionally, the treatments caused an increase in grain yield. The liquid insecticides Cypermethrin and Karate ranked second, and Endosulfan and Chlorpyrifos ranked third in efficacy against the pest. On the basis of present findings, it was recommended that the granular form of insecticides in general and Carbofuran 3G in particular may be used for effective control of C. partellus in maize crop. The granules should be applied in plant whorls, which will give better results than application through other methods. In the case of foliar applications, Cypermethrin is recommended to get effective control among other liquid formulations. Although the chemical treatments which were used in this research gave good control of C. partellus infestations and increase in yield as compared to check, some variations still occur in the amount of damage, population density of the pest and yield of crop. These differences may be due to differences in types of treatments, methods of experimentation, and environmental factors like temperature, humidity etc.
Introduction
Maize crop ranks third after rice and wheat in Pakistan, and second in Khyber Pakhtunkhwa [1] [2] . In Pakistan, 4.8% of the total cropped area consists of maize, which is grown on 0.939 million hectares with total annual grain production of 3.34 million tons, which made an average grain yield of 3.56 tons per ha [3] [4] [5] [6] . Maize crop has high yield capacity but it is affected by nematodes, weeds, insect pests, birds and diseases [7] [8] [9] . Important insect pests are weevils, beetles, grain borers, root worms and virus vectors such as leafhoppers and aphids [10] [11] [12] . Chilo partellus damaged the crop up to 75% [13 -15] . Damage or larval feeding to the developing point of maize plants results in "dead hearts", which is significant during the first 2-3 weeks after seedlings emerge [16] [17] . This type of feeding is described by pin holes and window panes [18] [19] . Maize stem borer grows constantly throughout the year when host plants exist and temperature is favorable for their development.
Prevented infestation of C. partellus by chemical insecticides, mostly granular formulations at whorl or soil application [20] [21] [22] and as well as some liquid form of insecticides, is also recommended in order to avoid the target pests [23] [24] . The crop fails completely due to severe infestation at seedling, vegetative growing, flowering and post-harvest stage [25] [26] . Present studies were planned in order to achieve the following objectives: -Find the comparative effects of granular and liquid insecticides against Chilo partellus. -Determine the efficacy of the tested chemicals on crop yield.
Materials and Methods

Study Area
The geographical location and position of the study area was Mansehra District of Khyber Pakhtunkhwa, which consists of three tehsils, namely Mansehra, Balakot and Oghi. The district is located from 72º-49´ to 74º-08´ east longitudes and 34º-14´ to 35º-11´ north latitudes. The entire area of this region is 4579 square kilometers. Mansehra makes its border in the east to Muzaffarabad District, in the north to Battagram District, in the west to Buner District and in the south to Abbottabad District [27] .
To find the comparative effects of granular and liquid insecticides against C. partellus and to determine the efficacy of the tested chemicals on crop yield, an experiment was carried out during the 2015 cropping season at the Agricultural Research Station, Baffa, Mansehra, Pakistan.
Field Preparation
Local maize variety BS1 was sown in a randomized complete block design (RCBD). The size of the experimental trial was 15 m 2 . It has three replications and each replication was divided into six plots for application of the respective treatments. Each plot was comprised of four rows, and row-to-row distance was kept at 75 cm and plant-to-plant was 20 cm.
Sowing of Seed
Sowing was done on June 26, 2015 by putting a single seed in the individual holes. Germination started after 3 days.
Treatments
On the appearance of infestation, the liquid insecticides that were Cypermethrin, Endosulfan, Karate and Chlorpyrifos were sprayed as per the dosage given in Table 2 . However, the granular insecticide (Carbofuran) was applied through leaf whorls after 15 days of germination when the crop was more than 4 leaf stage.
Infestation and Data Collection
The data recording was started one week after spray and continued at weekly intervals until the harvest of the crop. For this purpose, the central two rows per replicated plot were selected for observation Table 1 . Trade and common names of the pesticides belonging to manufacturer companies. 
Formula for Data Sampling
The experimental field area of 15 m 2 was divided into three replications of equal size. Each one was divided into six plots, on which five different types of chemicals were applied and one was kept free of chemical as check, so for each data sampling of insect pests, five plants were randomly selected in each plot's two central lines and formulated as follows: r1 = (p1 + p2 + p3 + p4 + p5), r2 = (p1 + p2 + p3 + p4 + p5), r3 = (p1 + p2 + p3 + p4 + p5) r1 = (p1 + p2 + p3 + p4 + p5)/5, r2 = (p1 + p2 + p3 + p4 + p5)/5, r3 = (p1 + p2 + p3 + p4 + p5)/5 Mean = (r1 + r2 + r3)/3
Statistical Analysis
To evaluate yield of the treated and untreated crop, ears from the selected plants were collected, counted and weighed properly. Grain moisture was determined before shelling of the ears. Weight of the grains and cobs were recorded separately after shelling. The recorded data were averaged and compiled in the form of tables. The statistical analyses were performed by using ANOVA of Grap Pad prism 5 to elaborate upon the results.
Results and Discussion
Infestation of Chilo partellus
Efficacy of the tested granular and liquid insecticides was determined on the basis of the prevalence of larval infestation on the plant. Three types of observations were performed carefully in order to obtain accurate results with minimum error.
The results in Table 3 indicate that the average number of larvae in the plots treated with Cypermethrin 10 EC were in the range of 0.07 (1 st data) and 0.33 (6 th data) larvae per plant. The populations on the 2 nd , 3 rd and 8 th observations were equal, i.e., 0.13 larvae per plant. Similarly, the number of larvae per plant on the 4 th , 5 th and 9 th data was 0.20 followed by 0.27 larvae recorded on the 7 th data as compared with check plots. All these individual data were comparable with check plots. Statistical analysis indicated that the effect of the treatment was significantly more than zero treatment at all three levels of significance (significant, more significant and most significant). Larval population in the Endosulfan 35 EC-treated plots was 0.27 (minimum) per plant in the beginning two and the last two observation dates followed by 0.33 (3 rd and 5 th data) and 0.40 (4 th data) larvae per plant. The highest number (0.47) was recorded on the 6 th and 7 th data points. Carbofuran 3G proved the most effective, giving the lowest number of larvae as compared to the other tested treatments. No infestation was found in the first data while there were only 0.07 larvae per plant in 2 nd , 3 rd and 8 th data. In 4 th , 5 th and 9 th data, larval populations were 0.13 per plant. Similarly, the population was slightly increased on the 6 th and 7 th data points giving 0.20 larvae. It is evident (Table 3 ) that the number of larvae increased in the beginning but showed a decrease after 7 th data, as noticed on the 8 th and 9 th observations. This declining population might have been due to maturation of the crop as fleshy leaves became course and the tiny larvae could hardly feed on these leaves. It was also observed that the decrease in the pest population was at the highest level of significance on the 1 st , 3 rd , 5 th and 6 th data, followed by higher significance on the 2 nd and 9 th . The decrease in population was at the level of significance on the 4 th , 7 th and 8 th observations.
The common trend of all the observation dates, as described individually above, was that the treatments significantly decreased the pest infestation as compared to the check plots (zero treatment). The larvae in Karate 2.5 EC sprayed plots were 0.13 comparatively lower than check plots (0.53 larvae/plant) showing significance level in the 1 st and 2 nd observational data. The highest population was found as 0.40 larvae per plant obtained on the 7 th data of observations followed by 0.33 larvae per plant on the 5 th and 6 th data of observation as compared to 0.87 and 0.80 larvae per plant in the untreated plots, respectively. However, the number of larvae recorded on 6 th data presented the highest significant fluctuation with the check, data 1 st and 5 th presented significant in pest infestation but data 7 th , 8 th and 9 th presented no significant fluctuation as compared with the check. The insecticide Chlorpyrifos 10 EC was not much more effective as compared to the other chemicals; the larval populations were higher than the other plots. The minimum numbers of larvae were 0.33 per plant on the 2 nd and 8 th data observations while the maximum was 0.67 on the 5 th data, followed by 0.60 on the 6 th and 7 th data points. In this treatment all the data showed in significant differences with those of check plots. The overall average population of C. partellus throughout the experimental duration was found as 0.11, 0.18, 0.25, 0.34 and 0.49 per plant correspondingly to Carbofuran 3G, Cypermethrin 
Occurrence of Dead Heart Plants
In some cases direct feeding by maize stem borer is not apparently visible. Rather, the affected plants remain dwarfed, showing stunted growth. The appearance of dead hearts is caused due to infestation of the maize stem borer, which was started at early stages of plant growth. It was found that in the beginning two data and the last three data of observation, the dead heart plants were not noticed. The data revealed that the number of dead hearts were being increased up to 5 th date of the data record and then declined in the next week followed by zero number. The maximum number was found at the 5 th data point in all the treatments (including control). The number of dead hearts in the plots sprayed with Cypermethrin 10 EC was at the level of significance and higher significance on the 4 th and 5 th data as compared to check plots, respectively, while no significant variations were noted on the other two dates of data record. Similarly, the population recorded in the plots sprayed with Carbofuran 3G showed the level of higher significance on the 3 rd and 5 th data record but insignificant differences on the other dates in this treatment, too. These statements indicate that all the treatments proved insignificant on the basis of the presence of the dead hearts except 3 rd and 5 th data in the plots applied with the granular insecticide, the Carbofuran 3G and 4 th and 5 th in the plots sprayed with Cypermethrin. It can be inferred from the data in Table 4 that the treatments fairly controlled the targeted pest as showing less number of dead hearts than those found in the check plots.
On 
Incidence of Damaged Plants
Damage to maize plants includes damaged leaves, stems and ears/cobs. It was observed during the data recording that all these parts were damaged by larvae of C. partellus ( Table 5 ). The data showed that the average number of damaged plants in the plots treated with Cypermethrin 10 EC were 0.67 in the 1 st and 2 nd record of data as compared with the corresponding check plots showing 3.3 and 2.7 plants per plot, respectively. Maximum numbers of damaged plants were obtained as 2.00 plants per plot on the 6 th observation and minimum as 0.33 plants recorded on the last observation. Most of the data were significantly better than check plots. Seasonal data was also shown to be significantly effective over untreated crops. The population (1.14) was comparable with that of control (3.67), indicating remarkable variation. This data indicated that damaged plants increased from data 1 st to data 6 th ascendingly, and then decreased from 7 th to 9 th . It may have been due to the reason that the plants were at growing stage having tender leaves and stems so the attack and feeding of the maize stem borer was easier. In contrast, when it matured, all parts of the plant became hard enough that the insects would not easily feed on it. It can be inferred from the data that the observations recorded on the 1 st , 2 nd , 5 th , 6 th and 9 th data points revealed significant variation, and data 3 rd , 4 th and 8 th showed higher significant differences with the check, but data 7 th did not show any significance as compared to check.
In the case of Endosulfan, less damaged plants (1.33) were found in data 1 st followed by 1.7 in 7 th and 9 th , 2 in 2 nd and 8 th , 2.3 in 5 th , 2.7 in 3 rd and 6 th and 3 in 4 th . The average number of damaged plants of all the data showed insignificant variation with that of check plots corresponding to the respective dates of observation.
In Carbofuran-treated plots, damaged plants were 0 in 1 st data followed by 0.33 in 2 nd and 9 th , 0.67 in 3 rd , 4 th and 8 th , 1 in 5 th and 7 th and 1.3 in 6 th . Damaged plants in 1 st , 2 nd , 5 th , 7 th and 9 th described significant alteration with the check. 3 rd , 4 th and 6 th indicated higher significant differences from those occurring in check plots, while the data recorded on the 8 th date of observation was found to be different from that of the check plots at level of the highest significance.
The maximum number of damaged plants (2.7 plants/plot) in the plots sprayed with Karate were noted in 6 th data, followed by 2.3 in the 4 th , 2 in the 3 rd , 5 th and 7 th , 1.7 in the 8 th , 1.3 in the 2 nd and 9 th , and 1 in data 1 st in descending order. All the data in karate treatment indicated that significant difference with the check plot was obtained only during the 8 th observation. The other dates of observations were found to be insignificantly different from the respective control observation. Regarding the effect of Chlorpyrifos, the results indicated that this treatment proved to be least efficient in controlling the maize stem borer as it gave the highest number of damaged plants (Table 5 ). Therefore, overall data of this treatment showed no significant reduction in pest population as compared with the other tested chemicals. Maximum numbers of damaged plants were 3.7 found in data 4 th and 6 th , followed by 3 in 3 rd and 7 th , 2.7 in 1 st and 8 th , 2.3 in 2 nd and 9 th data, but minimum numbers of damaged plants were recorded in 5 th data (1.7). Although this treatment was not significantly effective, it gave better results than zero treatment (check). Considering the seasonal data in Table 3 
Effects of Treatments on Crop Yield
Data in Table 6 reveals that maize yield of all the treated plots was higher than that of the untreated plot. In the plots sprayed with Cypermethrin 10 EC and Karate 2.5 EC average number of ears were recorded the same (i.e, 6.7*±0.58 per five plants), which showed significant difference with the check plot (4.7±0.58).
In Endosulfan 35 EC-and Chlorpyrifos 40 EC-treated plots, the average number of ears per five plants were 5.7±0.58 and 5.3±0.58 respectively, which indicated insignificant variation with check (5.3±0.58). However, in the Carbofuran 3G-treated plot, the average number of ears (7.3**±0.58) was the highest of all treatments and described the highest significant difference with the check. Before shelling weight of ears and after shelling weight of grain and cobs in plots sprayed with Carbofuran 3 G were 2111***±113 and 2107***±114 grams per five plants, which was highest of all the treatments, followed by Cypermethrin (1963***±126 and 1960***±126 grams). These two treatments showed the highest significant difference as compared to check plots (1270±32 and 1267±34 grams). In Karatetreated plots the weight of ears before shelling was recorded as 1717*±277 grams, and after shelling total grain and cob weight was 1713*±276 grams, showing significant variation with the check. In the case of the application of Endosulfan and Chlorpyrifos, weights of ears before shelling were found to be 1438±101 and 1381±25 g, while weights of grain+cobs after shelling were recorded as 1437±100 and 1375±25 g respectively, which indicated no significant variation when compared with those of check plots (1270±32 and 1267±34 g). It was finally determined from Table 5 that Carbofuran-treated plots produced the highest yield, followed by Cypermethrin, Karate, Endosulfan and Chlorpyrifos in ascending order. Moisture contents of the grains were determined with the help of a portable moisture tester -in the range of 15 to 16%. The obtained results indicated that there was no considerable difference in moisture of the grains from all treated plots.
Results of the current study evidenced that C. partellus infestation remained significantly lower in all the granular and liquid treatments as compared to check (zero treatment). It was also found that the yield of maize was higher in the treated plots as compared to check, in which no chemical application was done. The most effective in this regard proved to be the granular form of insecticide, i.e., Carbofuran 3G, which not only controlled the C. partellus but also caused the highest yield of the maize grain. Similar results were obtained by many researchers in the past that used Carbofuran 3G against the maize stem borer [28] . These authors reported that the efficacy of Carbofuran was the highest in suppression of population of C. partellus as well as enhancement of grain yield.
In contrast, our findings cannot be exactly compared on the basis of the amount of efficacy, which might be due to variations induced by multiple factors, i.e., differences in methods of treatments, pesticide doses, stage of crop growth, status of the pest, and intensity of physical factors including temperature, relative humidity, degree and days, etc.
Best control was obtained by a single application of Carbofuran 3G in leaf whorl on 15-day-old crop [29] . Our results are in accordance with those reported by authors getting the highest efficacy of Carbofuran 3G in suppressing the C. partellus population when applied in plant whorl [30] .
However, overall Carbofuran proved the best in controlling Chilo partellus larvae, plant damage, dead heart plants and increasing crop yield more than the other treatments in this trial. Moreover, the previous experiments proved that all the tested granular formulation efficiency controlled the target pest limited the formation of dead heart plant and reduced the damage caused by C. partellus. So, among these insecticides Carbofuran was the best one after Padon, followed by Diazinon 5G and Fipronil 0.3G and Disulfoton 5G in descending order as compared to check, respectively (Zahid khan unpublished data). In the previous work of Ahmed et al. [31] , the reason for Carbofuran application that showed the least infestation in the plots treated with Carbofuran as compared to plots treated with Cypermethrin.
Results of the present studies show that the insecticide Cypermethrin proved the second most effective among the liquid-formulated treatments in controlling C. partellus in maize be comparable and in conformity with a number of previous workers [32] .
In contrast, the performance of Chlorpyrifos 40 EC was not so effective against the maize stem borer, which resulted in an enhanced amount of reduced plant damage. These results can be broadly corroborated with those obtained by Neupane et al. [33] , who stated that Chorpyriphos (foliar application) was more effective than Cypermethrin. However, our results are not in close agreement with those reported by Bhat and Baba [34] , who obtained efficient control of C. partellus by applying Chlorpyrifos, but such differences in efficacy may be due to many factors, e.g., environmental conditions, pest status, soil type, crop conditions, method of experimentation, etc.
The application of Endosulfan 35 EC in the present experiment revealed that this insecticide was effective against plant injury, dead hearts and the larvae of the maize stem borer; similar opinions were also given by a number of previous researchers and support the results of our experimentation [31, [34] [35] . The application of the liquid insecticide Karate was not proved to be responsive treatment. Similar results were obtained by Singh et al. [36] , who reported as a precise conclusion that liquid insecticides were less efficient than granular formulations.
In other words, a minimal increase in the concentration of recommended doses of insecticides can result in a significant modification in the lethal effect. In the present research, the recommended amount of Cypermethrin 10 EC 500 ml/ha applied was effective against C. partellus, while an excessive concentration of Cypermethrin 25 EC 1000 ml/ha was evaluated by Kumar et al. [37] under field conditions against the Coccinella septumpunctata population. But Mamun and Ahmed [38] tested the granular form of Cypermethrin 10 EC 100 g/ha to kill the target tea pests. Similarly, the applied dose of Karate was 2.5 EC 500 ml/ha in the current study to control maize pests, while the concentrated dose of lambda cyhalothrin 5 EC 500 ml/ha was used by Kumar et al. [37] against C. septumpunctata, which was also a more excessive amount than the lambda cyhalothrin 5 EC 300 ml/ha tested by Dudhbale et al. [39] against Spodoptera litura infesting soybean to reduce loss. Furthermore, the Chlorpyrifos 40 EC tested as standard dose on 500 ml/ha was obviously more concentrated than the Chlorpyrifos 20 EC 10 lit/ha, 1000 lit/ha [38] and Chlorpyrifos 3.5 lit/ha, 2.5 lit/ha [40] . Dash and Mukherjee [41] applied Carbofuran 3G, 1 kg/ha of which was comparative less than the Carbofuran 3G 20 kg/ha used in present research, and recorded the most effective treatment in C. partellus mortality and increased crop yield. Like us, the same dose of Carbofuran 3G 30 kg/ha tested by Chakraborty [42] was found to be more effective for controlling yellow stem borer, Scirpophaga incertulas in the rice ecosystem. Endosulfan 35 EC 500 ml/ha experienced as the recommended dose in our research studies while these insecticides can be sprayed in different concentration doses for the expected control of pests such as Endosulfan (17.5%, 35%, 50%) EC or Cypermethrin 10 EC aerial application on maize crop with modified doses of 100 ml/ha, 125 to 175 ml/ha and 250 to 350 ml/ha. The recommended doses of insecticides were found to be more effective than other doses against insect pests. While still now a numerous number of the farmers were not satisfied and feeling that the recommended insecticide doses largely applied could not provide the estimated control of pests [43] . The maximum field doses of insecticides caused the highest percentage mortality of larvae [44] .
Conclusions
It can be concluded from the achieved results of the present experimentation that all the tested liquid and granular insecticides performed well in suppressing maize stem borer and reducing plant damage. However, Carbofuran proved to be the best in controlling C. partellus larvae, plant damage and dead heart plants. Similarly, crop yield in this treatment was computed more than in the other treatments. Cypermethrin ranked second in efficacy, giving more commendable results than other treatments. This chemical suppressed maize stem borer and reduced plant damage to a greater extent, resulting in higher levels of the grain yield. The next effective treatment was Karate, followed by Endosulfan and Chlorpyrifos in descending order.
